GeneLab Data Systems (GLDS) Workshop by Berrios, Daniel C. et al.
National Aeronautics and Space AdministrationNational Aeronautics and Sp ce Administration
American Society for Gravitational and 
Space Research (ASGSR) 2016 
 






•  GLDS Phase 1 Key Capabilities (Operational) 
–  Background History 
–  Current Phase 1 C-Gene Key System Capabilities 
 
•  GLDS Phase 2 Key Capabilities (Work-In-Progress) 
–  Introduction 
–  Phase 2 X-Gene Key System Capabilities 
•  GLDS Tutorial (Phase 1 C-Gene) 
 
•  Backup - GLDS Metrics 




2 ASGSR 2016 GLDS Workshop 10/28/2016 
National Aeronautics and Space AdministrationNational Aeronautics and Sp ce Administration
GLDS Phase 1 
Key Capabilities 
(Operational) 
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•  GLDS Phase 1 (denoted as “C-Gene”) completed in April 
2015 timeframe to implement and deploy as an interim 
solution as a data repository with simple search capability 
•  Initially imported 22 curated and V&V legacy data sets to 
Phase 1 C-Gene production system 
•  Phase 1 C-Gene is an operational system with routine 
maintenance for software enhancements (quarterly 
updates) & continuous data updates (6-8 weeks cycles)   
•  Publicly available at: https://genelab-data.ndc.nasa.gov/  
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Background History 
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•  Since then, imported an additional 58 new & legacy 
curated, V&V data sets, including RR-1, ISS Microbial 
Observatory, zebrafish, etc., to Phase 1 C-Gene 
production system: 
–  As of Release 1.0.14 deployed on 9/22/16, there is a total of 
80 data sets available for the general public 
•  Improved data importing script and optimize process to 
reduce site maintenance time (e.g., do not need to bring 
down production site during data updates)  
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Current Phase 1 C-Gene 
System (What’s New) 1 of 2 
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•  C-Gene Phase 1 C-Gene Operational System: 
–  Software Enhancements: 
•  Enhanced pagination (e.g., drop-down list of number of data sets 
displayed per page: defaults to 25 per page) 
•  Added links to useful bioinformatics data mining & visualization tools (e.g., 
cBioPortal, Cistrome, GenePattern, GenomeSpace, ISA Tools, etc.)  
•  Implemented a link to JSC Life Sciences Data Archive (LSDA) data 
request access portal based on certain metadata fields and values 
•  Added GLDS accession numbers on the listing/browsing of data sets 
•  Added a link to download the most recent GeneLab customized 
ISACreator configuration zip package for general public usage 
•  Provided updates to genelab.nasa.gov contents (e.g., recent 
announcements, events, etc.) 
•  Provided fixes to improve Look&Feel User Interfaces/Experience (UI/UX) 
(e.g., Mobile vs. Desktop screen sizes, intuitiveness) 
Steering Committee Meeting 
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System (What’s New) 2 of 2 
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•  Leverage from existing NASA C3 core software platform and 
infrastructure (e.g., Don’t reinvent the wheel!) 
–  C3 successfully used by other NASA Programs/Projects 
(e.g., DASHlink, NASA Earth Exchange (NEX), and Applied 
Sciences Program Water Resources) 
•  Primary used as a data repository and displaying relevant 
metadata fields 
•  Browse and navigate user interfaces 
•  Download curated and V&V data sets as compressed zipped 
files 
•  Simple keyword search using regular expressions (e.g., pattern 
matching on certain fields like Title, unique GLDS Accession 
Numbers Study Description, Organisms, Contact Names, etc.) 
•  Links to relevant publications (if available)  
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Phase 1 C-Gene Key Capabilities 
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Current Phase 1 C-Gene Site  
(1 of 3) 
http://genelab.nasa.gov   
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Current Phase 1 C-Gene Site  
(2 of 3) 
https://genelab-data.ndc.nasa.gov/genelab/  
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Metadata	display	
Simple Navigating and Browsing Simple Metadata Display 
Current Phase 1 C-Gene Site  
(3 of 3) 
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GLDS Phase 2 
Key Capabilities 
(Work-In-Progress) 
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GLDS Phase 2 X-Gene 
Introduction 
 
•  GLDS Phase 2 (denoted as “X-Gene”) Work-In-Progress: 
–  Focus on integrated full-text search & data federation key capabilities 
(e.g., data integration/fusion and mash-up) 
–  Target Phase 2 completion (Release 2.0) with fully implemented 
capabilities available worldwide in Sept. 2017 
–  Recently completed Release 1.1 (Phase 2 Iteration 1) on 9/14/16 as 
initial proof-of-concept integrated search + data federation with NIH/
NCBI’s GEO database 
–  Starting on Release 1.2 (Phase 2 Iteration 2) with target completion in 
Jan. 2017 with integrated search + data federation enhancements (e.g., 
add new external bioinformatics data sources) 
–  Starting to solicit internal user feedback (e.g., looking for possible 
internal participants) 
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FY16 Realigned Trade Study 
•  A Realigned Trade Study: 
–  The basis for new X-Gene system (Phase 2 and beyond) 
–  Will eventually replace existing Phase 1 C-Gene operational system 
built on top of ARC-TI Center for Cross-discipline Collaboration (C3) 
platform 
 
–  Takes lessons learned from FY15 trade study and will not start from 
scratch: 
•  Select top 7 software platforms from FY15 with appropriate rationales + 3 
new platforms not evaluated previously, such as: 
–  NSF/University of Arizona’s iPlant/CyVerse, Broad Institute’s (Harvard/
MIT) GenomeSpace, and NASA’s Athena platform 
•  Total of 10 platforms to evaluate & assess for FY16 
 
13  ASGSR 2016 GLDS Workshop 10/28/2016 
FY16 Trade Study Participants 
•  Reached out to 78 external participants from: 
–  Science Council 
–  Academia 
–  Other Government Agencies (e.g., Veterans Affairs Dept., Lawrence 
Berkeley/Livermore National Labs, DoD, etc.)  
–  NASA Space Biology, HRP, and other PIs 
–  GeneLab Stakeholders (e.g., SLPS & ISSP) 
–  Other NASA Centers (e.g., JSC, KSC, HQ, etc.)  
•  Received a total of 16 participants’ Excel input submissions: 
–  7 external participants (e.g., representatives from VA Medical Center, U.S. 
Army Center for Environmental Health Research, Space Biology/HRP PIs, 
Science Council, Duke University, etc.) compared to last FY15 had 2 GL 
stakeholders as “external” participants 
–  9 internal GeneLab participants compared to FY15 had only 7 participants  
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FY16 Trade Study Analysis 
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•  Statistical analysis on the following: 
–  RAW Average (Mean) score across all 16 participants (0 through 5 ratings 
for each criteria) for each software platform (total of 10 platforms evaluated); 
Hence a total of 16 x 30 x 10 = 4,800 data points. 
–  Weighted Average (Mean) score across all participants for each platform 
with reassigned weight factor (e.g., all 30 criteria weight % must total 100%) 
–  RAW Median score (e.g., what’s the middle value) 
–  RAW Mode score (e.g., most frequent occurred value) 
–  Sampling vs. Population Variances (e.g., deviation from the mean) 
–  Standard Deviations (e.g., measures the amount of variation) 
 
•  Other important factors & considerations:  
–  Software Maintainability & Complexity 
•  Count total physical Source Lines of Code (SLOC) to measure codebase size 
•  Different popular programming languages used in bioinformatics field (e.g., Java, 
JavaScript, Python, Perl, R, etc.) 
•  Number of files & comments in codebase 
•  Number of source code repositories (e.g., GitHub and/or other locations) 
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FY16 Realigned Trade Study 
Results and Recommendation 
 
 
•  Top 5 highest ranked platform candidates by weighted average 
scores are: 
1.  GenomeSpace from Broad Institute (Harvard/MIT) 
2.  KBase from DOE’s Office of Science 
3.  CyVerse (formerly iPlant) from NSF & University of Arizona 
4.  Arvados from Harvard University 
5.  Globus from Computation Institute (University of Chicago & 
Argonne National Lab) 
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FY16 Realigned Trade Study 
Results and Recommendation 
•  Based on FY16 trade study results, the platform 
recommendation is…GenomeSpace! 
–  Will meet programmatic maintainability of source codebase within 
resource guidelines 
–  Predominately written in Java and JavaScript programming 
languages (current GLDS team has expertise!) 
–  Provides modular system architecture & design for extensibility, 
scalability, flexibility, and performance using Service-Oriented 
Architecture (SOA), similar to GLDS generic reference system 
architecture 
–  Best option for “T-Gene” and possibly “NRA Gene” capabilities 
•  Pivoting to new recommended software platform 
GenomSpace coming out of FY16 realigned trade study (e.g., 
migration plan for both software + data in Phase 2) 
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•  GeneLab identified 3 key strategic external bioinformatics 
data sources for Phase 2 integration:  
–  NIH/NCBI’s GEO database (Gene Expression Omnibus) 
–  EBI’s PRIDE database (Proteomics) 
–  MG-RAST database (Metagenomics) 
•  Recommendations from GeneLab Steering Committee in 
July 2016 to possibly include: 
–  Nuclear Receptor Signaling Atlas (NURSA) 
–  NIH’s Human Microbiome Project Data Analysis & 
Coordination Center (HMPDACC) 
–  NIH/NCBI’s database of Genotypes & Phenotypes (dbGaP) 
GLDS Phase 2 Strategic 
Bioinformatics Data Sources 
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•  GLDS Phase 2 X-Gene (Integrated Full-Text Search & 
Data Federation) 
–  Release 1.1 deployed on 9/14/16 
•  Prototype of integrated full-text search & data federation/
integration between GeneLab & NIH/NBCI’s GEO 
databases (e.g., Google-like search engine) 
•  Establish core Common Metadata Model (CMM) for easier 
data federation/integration to other bioinformatics databases 
•  Customizable search ranking/relevancy algorithm 
•  Provides Medical Subject Headings (MeSH) as a thesaurus 
for “smart” searching on metadata fields  
•  Frequent GeneLab specific keyword search terms lookup 
•  Data visualization (GLDS Organisms vs. Assay Types) 
•  Automatic scripts to pull GEO data changes on nightly basis 
GLDS Phase 2 X-Gene  
Key Capabilities 
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Phase 2 X-Gene Release 1.1  
Search and Federation 
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Google-like, full-text search with data federation/integration 
to NIH GEO database (over 80K GSE metadata records ingested)  
Phase 2 X-Gene Release 1.1  
Data Visualization 
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GLDS Tutorial 
(Phase 1 C-Gene) 
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Search Keywords Using 
GeneLab Phase 1 C-Gene  
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Enter keyword “liver” on search textbox 
GLDS Search Results 
24  
Returned 5 search results  
for keyword “liver” 
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GLDS Viewing & Navigating 
Study Data 
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Click on title link for more information 
GLDS Detailed Study Metadata 
26  
Option to download 
relevant data sets 
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Select & Download Study Data 
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Options to download 
either RNA-Seq or 
Proteomics data files 
Download Metadata Files 
and ISACreator Configuration 
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Click link to download 
ISA-Tab formatted 
medata zip package 
Click the “ISA configuration files” link on 
GLDS repository splash page to download 
GeneLab customized ISACreator 
configuration zip package 
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https://genelab-data.ndc.nasa.gov/  
Open GLDS ISA-Tab Files 
Using ISACreator Tool 
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View Sample Metadata Using 
ISACreator Tool 
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Correlate Assay Data with 
Samples Using ISACreator Tool 
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How To Cite GeneLab 
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Backup Slides 
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GLDS Metrics 
As of September 15th, 2016 
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GeneLab Sites Usage 
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  May 16 - Jun 15 Jun 16 – Jul 15 Jul 16 – Aug 15 Aug 16 – Sep 15 
Monthly 
Pageviews 
genelab.nasa.gov 10,505 11,171 7,130 9,925 
GeneLab DS 1.0 955 1,687 1,030 1,074 
Datafile Downloads - Totals 
total count 1,048 1,690 554 1,103 
volume (GB) 4,836 4,919 1,469 2,504 
Data File Downloads (by Species) 
Arabidopsis thaliana 399 437 35 187 
Candida albicans 4 10 0 3 
Drosophila melanogaster 24 56 7 22 
Homo sapiens 48 102 25 110 
Mus musculus 492 704 393 538 
Pseudomonas aeruginosa 6 20 2 6 
Rattus norvegicus 16 58 4 18 
Saccharomyces cerevisiae 6 45 8 13 
Salmonella enterica 4 9 0 4 
Environmental Samples 9 25 0 11 
Bacillus subtilis 5 12 0 4 
Rhodospirillum rubrum 13 30 0 8 
Caenorhabditis elegans 15 39 5 13 
Escherichia coli 3 9 1 3 
Ceratopteris richardii 4 10 3 2 
Cellular organisms – 55 15 81 
Bacillus – 19 14 17 
Bacterial isolates – 19 32 28 
Aspergillus fumigatus – 12 5 9 
Brassica rapa – 10 3 23 



































































































































GeneLab Daily Page Views 
August 16th, 2016 – September 15th, 2016 
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Geographic Distribution of Users 
genelab.nasa.gov (sessions/month) 
August 16th, 2016 – September 15th, 2016 
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Geographic Distribution of 
Data File Downloads 
August 16th, 2016 – September 15th, 2016 
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GLDS Monthly File Downloads









































March 16th, 2016 - September 15th, 2016 
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August 16th, 2016 to September 15th, 2016 




































in Phase I 




Static File Storage 
 
 
Web Server Gateway 
Interface (WSGI) Module 
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GLDS Reference System 
Architecture 
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